We investigated the response to immunoglobulin G-secreting cells (ISC) by peripheral blood mononuclear cells (PB-MNC) and purified B
Autoimmune thyroid disease (AITD) is characterized by aberrant functions of immunocompetent cells, and high titers of various kinds of thyroid-specific autoantibodies. Concerning AITD, there have been conflicting opinions about the defect of immunoregulation, namely whether the defect is a nonspecific generalized defect or a specific single defect.
Up to date, these discrepancies have been mainly observed in investigations of the suppressor T cell defect (Volpe, 1985) .
However, some groups of investigators suggested that the primary defect of immunoregulation in AITD resides in the B cell function (Beall, 1982 De Bernardo and Davies, 1983; Jones et al., 1982) . With regard to B cell function in AITD, recently Weetman et al. reported that autoantigen-specific B cells previously activated exist in peripheral blood. However, these autoantigen-specific B cells are found in several different functional stages . Thus, these circulating B cells from such patients do not manifest a uniform response to B cell stimulators. Furthermore , they showed that these B cells responded normally to nonspecific stimulators (Weetman et al ., 1985) . On the other hand, De Bernardo and Davies indicated that nonspecific abnormalities of B cell function are also present in AITD (De Bernardo and Davies, 1983) . The maturation of B cells from their resting stage to an immunoglobulin (Ig)-secreting plasma cell involves discrete steps of activation, proliferation and differentiation (Howard and Paul, 1983; Muraguchi et al., 1983; Yoshizaki et al., 1982) . At each step, specific signals are necessary to direct the B cells. B cells can be activated by antigens or surface Ig cross-linking agents such as and-Ig antibody or Staphylococcus aureus Cowan 1 (SAC) which is known to activate and proliferate resting B cells and then differentiate into Ig-secreting cells by T cell help (Falkoff et al., 1982) . In the present study, we examined the immunoglobulin G-secreting cell (ISC) response by peripheral blood mononuclear cells (PB-MNC) following stimulation with SAC or by B cells following stimulation with iriterleukin 6 (IL-6) to clarify the immunological functions of circulating B cells in AITD.
Materials
and Methods
Subjects
The subjects in this investigation include 29 patients with Graves' disease, 10 patients with Hashimoto's thyroiditis and 14 normal controls. 
Results
Basic studies on the response to SAC by PB-MNC from patients with AITD and normal controls
The dose response to ISC generation by PB-MNC stimulated with SAC in 4 patients with Graves' disease and 4 normal controls is shown in Fig. 1 . As can be seen, the optimal concentration of SAC was 0.01% for both groups. The response to SAC (0.01%) by PB-MNC from 4 patients with AITD was approximately maximal on the 5th day of culture (Fig.  2) , and the day of approximately maximal SAC (0.01%) response in 4 normal controls was the same 5th day of culture. Thereafter, we studied the ISC response of PB-MNC from patients with AITD and from normal controls at the SAC level of 0.01%, and on the 5th day of culture. Endocrinol. Japon (Fig. 4) (Noma et al., 1982; Iwatani et al., 1987) . In the present study, we analyzed the immunological functions of circulating B cells in patients with AITD by stimulation with SAC or with IL-6 using the reverse hemolytic plaque assay in vitro. We demonstrated that the response to ISC by PB-MNC following stimulation with SAC was significantly decreased in patients in the hyperthyroid state of Graves' disease and with Hashimoto's thyroiditis as compared with that of normal controls. Previous investigations of the mitogenic action of SAC on human B cells showed that the response is independent of T cells and that the stimulatory component is protein A on the bacterial wall. The B cells induced by SAC are considered to be resting B cells (Romagnani et al., 1978; Falkoff et al., 1982) . Thus, it can be considered that the decreased response of B cells to SAC indicates a decrease in the number of resting B cells and an increase in the number of activated B cells. We should consider the participation of T cells in the response by PB-MNC to ISC following stimulation with SAC, because the differentiation of B cells into Ig-secreting cells in response to SAC was found to require T cells or T cellderived differentiation factors (Falkoff et al., 1982) . Nevertheless, in our results, decreased SAC response was considered to be mainly due to the reduction in the number of resting B cells, because it is reported that the major defect in T cell function is a defect in the suppressor T cell in AITD (Volpe, 1985) , and this leads to concern that suppressor T cell defect induces excessive Ig-producing cell generation by permitting the intensification of helper T cell function, so that one may expect stronger response to SAC than that of normal controls which is contrary to our results showing that decreased ISC response was obtained in response to SAC in patients with AITD. Therefore, our findings suggest (Tanaka et al., 1988) .
We also found that the response to ISC by PB-MNC following stimulation with SAC exhibited a reciprocal relationship to TRAb in patients with Graves' disease. This activity is the lower the SAC response would be, namely B cells are activated in the immunologically active state in patients with Graves' disease. We showed that purified B cells produce ISC spontaneously in patients in the hyperthyroid state of Graves' disease and with Hashimoto's thyroiditis. This spontaneous ISC response was further enhanced by stimulation with IL-6. Since IL-6 has been shown to act in the late stages of B cell differentiation leading to the Ig-secreting cells (Hirano et al., 1986; Hirano et al., 1987) , these results suggest that some of the circulating B cells are previously activated and proliferated in AITD.
There have been several experimental reports which suggest an effect of increased amounts of thyroid hormones in the immune response (Alquist, 1976; Volpe, 1985) . Furthermore, Volpe et al. suggested that hyperthyroidism does indeed have an adverse effect on the number of generalized suppressor T cells, and presumably their function which ultimately returns to the normal level after the hyperthyroidism itself has been controlled, whether or not an organ-specific defect persists (Volpe et al., 1986) . However, we could demonstrate the spontaneous activation of circulating B cells not only in patients with Graves' disease but also in patients with Hashimoto's thyroiditis, and these results could not be attributed to excessive thyroid hormone which may induce non-specific B cell activation by disturbing the generalized suppressor T cell function. Although we did not prepare B cells directly from the thyroid gland itself which is known to be the major site of immunological reactions in AITD, there have been several reports suggesting that the circulating B cells may provide a useful vehicle by which sequential changes occurring at the major sites of autoantibody production, such as the thyroid gland itself, may be examined (Iwatani et al., 1987; Weetman et al., 1985) . Therefore, our results may reflect the immunological abnormality of B cells in the thyroid gland itself.
